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Impacts with a Potential Hazardous Asteroid (PHA), whose orbit intersects the 
Earth orbit at a distance <=0.05AU and whose size >150 m, will cause an 
environmental catastrophe. 
Even smaller asteroid could produce serious damages as demonstrated by 
relatively recent events (Tunguska and Urals). 
 
 
 
 
Asteroids: Threats or Opportunity? Navigating towards the asteroid 
Near Earth Objects (NEOs), the majority of which are asteroids, are defined as 
any minor celestial object with a perihelion less than 1.3 Astronomical Unit (AU) 
and an aphelion greater than 0.983 AU. 
Figure: laser ablation concept 
Figure: Tunguska (1908), flattening 2,000 
km2 of forest, asteroid’s estimated size 30 
m 
Figure: Urals (15th February 2013), 1200 
people injured, asteroid’s estimated size 15 m 
Figure: Asteroid’s mining by Deep 
Space Industries (2012)  
Figure: Asteroid’s capture concept by 
Planetary Resources (2012)  
Asteroids, in addition to their impact threat, also offer a unique opportunity for 
further scientific, exploration and exploitation based activities. The study of them 
could shed light on the formation of the solar system. They hold almost unlimited 
material that could be used to satisfy humanities ever increasing need for key 
resources (precious metals). 
 
 
 
It must first be possible to deflect the trajectory of any Earth approaching asteroid. 
The proposed mission employs solar powered laser ablation to modify the 
asteroid’s orbit.  
Solar power is converted into laser light which is 
used to sublimate a small portion of the 
asteroid’s surface.   
This forms into a plume of ablated ejecta that 
exerts a small, yet continuously, low-thrust onto 
the asteroid. Over an extended period of time it 
is possible to achieve the desire deflection 
based action. 
Launched in 2027, the spacecraft will use a 860 W diode-pumped fibre-laser to 
shift the orbit of the target 2006 RH120 asteroid by at least 1 m/s. This will be 
achieved with a total mission lifetime (from launch) of less than three years.   
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Typical perturbative forces acting on the system:  
• Solar radiation pressure  (38 μN) 
• Asteroid gravity field (1.7 μN) 
• Laser recoil (3.3 μN) 
• Plume impingement (20 μN) 
• Acceleration from laser ablation (42.3 μN) 
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Mission Outline 
The spacecraft will be injected into an 
geostationary transfer orbit via a PSLV launch 
vehicle. An onboard bipropellant chemical 
propulsion system will be used to escape and 
rendezvous.  Rendezvous has been optimized to 
maximise the illumination and, thus, the 
detectability of the asteroid 
The  spacecraft will operate the laser at an 
optimal spacecraft-to-asteroid distance of 50 m. 
This will reduce the plume’s impingement onto 
the optics. It will also maintain its relative orbit in 
the orbital plane within a 1 m control box; 
enabling the laser’s optimal focussing  on the 
surface.  
 
GN&C hardware includes: 
•Narrow Angle Camera (NAC) 
•Wide Angle Camera (WAC) 
•2 Star Sensors  
•Inertial Reference Units (IRUs) 
•Laser Range Finders (LRF) 
•16 Reaction control system (RCS) thrusters 
•An impact sensor used to measure 
 momentum created by the ablated ejecta.  
 
 
 
Figure: Detectible area from NAC 
based on absolute magnitude  
Figure: transfer trajectory  
Analysis showed that  1m/s deflection is achieved in about  6 months. 
Figure: Deviation in position with 
respect to the nominal orbit  
Figure: Deviation in velocity with 
respect to the nominal orbit  
Figure: ‘Dogleg’ approach 
Analysis includes line of sight (LOS) 
measurements with radiometric tracking from 
the ESATRACK ground stations. This is used 
to improve the trajectory estimate and 
observability of the spacecraft. Heritage has 
been taken from the Japanese Hayabusa 
mission and European technology (e.g. Marco 
Polo from Astrium).  
Centroiding image processing algorithms provide 
the LOS to the asteroid and LRF measures the 
range from the surface. A feature extractions 
software to determine its rotational state. Spectral 
decomposition technique is also used to evaluate 
spin axes. 
Figure: typical in plane configurations 
Figure: Controlled trajectory 
The spacecraft will fly in formation with the asteroid, 
chasing it while the laser ablation process will be 
exerting a small thrust. An unscented Kalman filter 
determines spacecraft orbit. Imparted acceleration 
onto the asteroid is also estimated. 
The RCS will maintain the spacecraft within the 
control box by performing impulse bits. 
 
  
  
Deflecting the asteroid 
Figure: Estimated accelerations 
Figure: Features extraction 
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Figure: Early encounter 
Small asteroids are extremely faint objects that are 
serendipitously discovered while they are extremely 
close to Earth. If the length of time that they are visible 
from Earth is not long enough, the uncertainty in their 
ephemeris may still be very high. Hence, high 
uncertainties on their position, range of detectability from 
the NAC camera, require a careful rendezvous to detect 
the object, after 296 days of flight, and to refine its 
trajectory while approaching it. 
The design of the approach trajectory has been designed 
as a ‘dogleg’ to observe the asteroid from different angles. 
The trajectory is such that the manoeuvres become 
smaller as the distance decreases. It will take the 
spacecraft approximately 90 days to span 60000 km from 
rendezvous to 300 m from the asteroid. 
In the last phase the spacecraft will autonomously 
approach the asteroid to ranging sensor acquisition. 
The spacecraft follows subsequent hyperbolic arcs until it 
is about 25 radii (50 m) from the asteroid, in the proximity 
operations point. During this phase, the GNC system is 
tested and calibrated. This includes the algorithms, 
sensors and actuators, and the optimal asteroid orbit 
determination is performed. 
Figure: spacecraft simulator  
Figure: Final approach 
After GNC calibration has been completed, at the 
nominal operative distance, a series of tests is 
performed to the ablation laser system. A 64 days-
long campaign allows the operators to gradually 
build trust in the operational capability of the 
autonomous system.  
The Harwell ground station will support the mission, 
performing radiometric campaign and controlling 
spacecraft status. 
